Introduction
COPD with persistent airflow limitation is usually progressive and is associated with an enhanced chronic inflammatory response in the airways and the lung due to the inhalation of noxious particles or gases. 1 Due to persistent low-grade inflammation in systemic circulation and the same risk factors, COPD often coexists with comorbidities. [2] [3] [4] [5] [6] [7] Osteoporosis is a major comorbidity in COPD associated with poor health status and prognosis. 7, 8 This risk of comorbid osteoporosis can be increased by low-grade systemic inflammation or the sequelae of COPD, such as poor nutrition, reduced physical activity, and the use of systemic corticosteroids and tobacco smoking. In addition, older age, menopause, and female sex are the other risk factors for osteoporosis.
Inhaled corticosteroids (ICSs) are commonly used for the treatment of chronic COPD. In 2014, updated Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines also recommended ICSs in group C and D patients, 1 although the long-term safety of ICSs has not been established and the adverse effects of long-term use of systemic glucocorticosteroids are documented as involving loss of bone mineral density. 12 The efficacy and side effects of ICSs on bone metabolism in asthma are dependent on the dose and type of corticosteroid, 13 but whether this is also found in COPD is undetermined. Long-term treatment with inhaled triamcinolone was associated with increased loss of bone mass in the Lung Health Study II.
14 However, this was not seen in the patients with COPD for inhaled budesonide in the EUROSCOP trial 15 or for inhaled 500 µg bid (twice per day) fluticasone propionate alone or in combination with salmeterol treatment over a 3-year period in the TORCH trial. 16 Two systematic reviews have concluded that long-term ICS use has not been proven to have a significant impact on bone mineral density. 17, 18 Therefore, to date, this issue of the effect of ICSs on bone metabolism in patients with COPD remains controversial.
Taiwan's National Health Insurance (TNHI) database can provide a larger population and longer follow-up duration than previous studies. [13] [14] [15] [16] We used this database to conduct a retrospective analysis about the incidence of osteoporosis in patients with COPD with ICS use and without.
Patients and methods ethics statement
The study was approved by the Chang-Gung Memorial Hospital review board (IRB #102-0364B), and the requirement of informed consent was waived due to the fact that personal information had already been deidentified in the National Health Insurance (NHI) Research Database.
Data source
The NHI Program, which provides compulsory universal health insurance, was implemented on March 1, 1995, in Taiwan. Under the NHI, 98% of the island's population receives all forms of health-care services including outpatient services, inpatient care, Chinese medicine, dental care, childbirth services, physical therapy, preventive health care, home care, and rehabilitation for chronic mental illness. Most medical providers (93%) were under contract with the Bureau of NHI (BNHI), and those not under contract provide fewer health services. More than 96% of the population with insurance coverage through the NHI utilized health services at least one time at contracted medical institutions. From the population of all reimbursement claim records under the single-payer system and using a systematic sampling method, the National Health Research Institute (NHRI) of Taiwan randomly sampled a representative panel database of 1,000,000 subjects in 2,000 designed for research purposes. The NHRI reported that there were no statistically significant differences in the age, sex, and health-care costs between the sample group and all enrollees as noted in our previous report. 19 Data in an electronic format on daily clinic visits or hospital admissions can be obtained for each contracted medical institution. For reimbursement, all medical institutions must submit their claims for billable medical services on a standardized electronic format, which includes data elements such as the date of admission and discharge, patient identification number, sex, date of birth, and the International Classification of Diseases, Ninth Revision -Clinical Modification (ICD-9-CM) diagnostic code for each admission. Therefore, the information from the NHI database appears to be sufficiently complete, reliable, and accurate for use in epidemiological studies.
Design and study participants
Females are much more likely to develop osteoporosis than males. 20 In Taiwan, smoking prevalence is much lower in females when compared with males. The ratio of male to female smoking rates was 10.9:1 among adults (46.8%:4.3%). 21 Approximately 15%-20% of these female smokers may develop COPD, thus tobacco consumption confounding the incidence of osteoporosis related to ICSs in Taiwanese females is very limited. Additionally, data about tobacco consumption and second-hand exposure cannot be obtained from our BNHI records. Therefore, to decrease the interference of sex and tobacco exposure in the incidence of osteoporosis, we decided to select only female patients in this study. For the cohort, we identified an exposed study cohort from the database consisting of newly diagnosed female patients with COPD (n=25,404, ICD-9-CM 491, 492, 496) from 1996 to 2011. Patients were excluded if they were younger than 40 years or if osteoporosis had been diagnosed prior to the diagnosis of COPD and cases of asthma (ICD-9 CM code 493.X) before the index date. The index date for each participant was the first COPD diagnosis date. Ultimately, in total, 10,723 patients with COPD were included in the cohort study group as shown in the flowchart of Figure 1 
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ICss reduce osteoporosis in COPD exposure assessment
The ICSs analyzed in this study included fluticasone propionate and budesonide. Information on ICS exposure was extracted from the prescription database. We defined ICS users as those with at least one prescription of ICSs between the diagnosis of osteoporosis (ICD-9 CM code 733.X) and the index date. The date of prescription, the daily dose, and the number of days supplied were identified, and cumulative doses (mg) were calculated. ICSs were approved in Taiwan 
Osteoporosis outcome and follow-up
The index date for each participant was the first COPD diagnosis date. We identified the study end point as the first diagnosis of osteoporosis from outpatient claims or hospitalization records from 1997 to 2011. All the study participants were followed from the index date to end point occurrence, withdrawal from the database, or the end of 2011, whichever date came first.
statistics
The person-years of follow-up for each case were calculated from the date of diagnosed COPD to the date of death, diagnosis of osteoporosis date, or December 31, 2011. Incident rates were calculated by dividing the case number from osteoporosis by the number of person-years of follow-up. Cox proportional hazard regression models adjusting for all potential confounders was used to estimate the relative magnitude of risk in relation to the use of ICSs. The participants were divided into three ICS exposure categories: nonusers, users of doses equal to or less than the median, and users of doses greater than the median based on the distribution of use among all cases of ICS users. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated using patients with no exposure as reference. Analyses were performed using the SAS statistical package (Version 9.3; SAS Institute Inc., Cary, NC, USA). All statistical tests were two sided. A P-value ,0.05 was considered statistically significant.
Results

Patients' characteristics
Totally, 10,723 patients with COPD, including ICS users (n=812) and nonusers (n=9,911), were enrolled in this study. Demographic characteristics of all patients are listed in Table 1 . Among this population, 6,365 patients (59.36%) were older than 60 years and 460 of these patients were ICS users; 5,997 patients (55.93%) had an income of ,15,840 New Taiwan Dollars (NTD) per month and 476 of these patients were ICS users; and 7,044 patients (65.69%) had hypertension and 612 of these patients were ICS users. Notes: This is a retrospective cohort and population-based study in which we extracted newly diagnosed female patients with COPD between 1997 and 2009 from Taiwan's national health Insurance (TnhI) database between 1996 and 2011 (ICD-9-CM 491, 492, 496). The patients with COPD were defined by the presence of two or more diagnostic codes for COPD within 12 months on either inpatient or outpatient service. Patients were excluded if they were younger than 40 years or if osteoporosis had been diagnosed prior to the diagnosis of COPD and cases of asthma (ICD-9 CM code 493.X) before the index date. These enrolled patients (n=10,723) were followed up till 2011 and the incidence of osteoporosis was determined. Abbreviation: ICD-9-CM, International Classification of Diseases, Ninth RevisionClinical Modification. 
Variable risk factors associated with osteoporosis
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ICss reduce osteoporosis in COPD probability significantly decreased among the ICS users compared with nonusers (P,0.001; Figure 2 ).
Discussion
Our study demonstrated that ICS users exhibit an association with a lower risk for osteoporosis and a dose-effect relationship. How can ICSs reduce osteoporosis in patients with COPD? Our explanations are as follows: first, regular treatment with ICSs can reduce systemic inflammation in COPD. There is a growing body of data to support this and it provides a plausible mechanism for clinical benefits with regard to COPD. COPD is primarily a pulmonary disease, but it has various extrapulmonary manifestations, such as deconditioning, exercise intolerance, skeletal muscle dysfunction, osteoporosis, metabolic impact, anxiety and depression, cardiovascular disease, and mortality. The comorbidities in COPD are associated with a result of "overspill" of inflammatory mediators from the lungs. 6 Many circulating inflammatory mediators are elevated in stable COPD and during exacerbations. C-reactive protein (CRP), tumor necrosis factor-alpha, and interleukin-6 (IL-6) are the known markers of systemic inflammation and are associated with osteoporosis. 22, 23 The patients with COPD with ICSs withdrawn show CRP-level reductions when retreated with ICSs, whereas patients retreated with placebo do not. 24 The effect of inhaled budesonide can decrease neutrophils, IL-6, tumor necrosis factor-alpha, and IL-8 levels in bronchoalveolar lavage sample in patients with COPD. [25] [26] [27] Biopsies of the airways of COPD smokers with inhaled fluticasone showed decreased CD8/CD4 ratios and decreased subendothelial mast cells when compared a adjusted for age, income, and use of medications (estrogen, oral steroid, laBa, laMa, and saBa). Abbreviations: CI, confidence interval; HR, hazard ratio; ICS, inhaled corticosteroid; saBa, short-acting beta-agonist; laBa, long-acting beta-agonist; laMa, long-acting muscarinic antagonist. with placebo patients. 28 The patients with COPD with inhaled fluticasone had fewer COPD exacerbations, which indicate that decreased airway inflammation plays a role in the beneficial effect of ICSs. 28 Decreased airway and lung inflammation by ICSs will decrease the overspill of inflammatory mediators to circulation. Additionally, histone deacetylases in the presence of corticosteroids for patients with COPD downregulate the transcription of inflammatory cytokines. 29 A recent study demonstrated that longterm administration of ICSs decelerates the annual bone mass loss in bronchitic patients, possibly by reducing both pulmonary and systemic inflammation caused by COPD. 30 Second, regular use of ICSs can reduce the frequency of exacerbations in patients with COPD. [30] [31] [32] [33] Withdrawal from treatment with ICSs may lead to exacerbations in some patients. 34 Decreased frequencies of acute exacerbation in patients with COPD can reduce osteoporosis. Kiyokawa et al 35 demonstrated that COPD exacerbations were independently associated with osteoporosis progression in a longitudinal study and recommended that osteoporosis evaluation in patients with COPD with frequent exacerbations. The frequency of acute exacerbation is related to bone metabolism markers. The frequency of acute exacerbation within the past 1 year and 25-OH vitamin D level are the independent risk factors for β-C-telopeptides of type I collagen; the frequency of acute exacerbation is the only independent risk factor for N-terminal midmolecule fragment osteocalcin. 36 Third, regular treatment with ICSs improves symptoms, lung function, and quality of life in patients with COPD, which can increase exercise tolerance and decrease immobility-induced bone loss. In combination with drugs treatment, patients with COPD appear to benefit from rehabilitation and maintenance of physical activities. 37 Although there is an association between ICSs and osteoporosis in pharmacoepidemiological studies, these studies have not fully taken COPD severity or exacerbations and their treatment into consideration. In fact, higher exacerbation rates are associated with a faster loss of lung function 38 and greater worsening of health status. 39 Hospitalization for a COPD exacerbation is associated with a poor prognosis. 40 Long-term treatment with ICSs and long-acting bronchodilators improves symptoms, lung function, and quality of life and reduces the frequency of exacerbations in patients with COPD with an FEV 1 ,60% predicted. [30] [31] [32] [33] Because of there being documented adverse biological effects with regard to systemic or oral steroids, including adrenal suppression, loss of bone mass density, and risk of fracture, ICSs should be suggested in selected patients with COPD with frequent exacerbations in order to reduce systemic or oral steroids usage during exacerbation attacks.
In addition, there are many rationales for clinicians to use ICSs in patients with COPD. ICSs allow the delivery of a drug directly to the target organ and the ability to use lower cumulative doses of corticosteroid and to avoid systemic absorption. In fact, inhaled fluticasone propionate or budesonide used for the treatment of COPD is absorbed through the gastrointestinal tract and first-pass metabolism of the liver, thus a complete absence of systemic absorption of ICSs is minimal. Therefore, the vast majority of systemically absorbed ICSs occurs through the lungs. Less systemic absorption occurs in patients with diseased lung than in patients with normal lung function with fluticasone use. 41 The average age of female menopause is 49.5 years in Taiwan, 42 and this loss of estrogens accelerates bone loss for a period ranging from 5 years to 8 years. The distribution and effect of menopause vary in the group of 50-60 yearolds. It is well established that estrogen replacement during menopause protects bone mass. 42, 43 Current data showed that estrogen replacement was associated with osteoporosis. The possible explanation is because estrogen replacement was prescribed in menopausal females, and it was not prescribed in nonmenopausal patients with COPD. In addition, oral corticosteroid plays an important role in osteoporosis. Bronchodilators such as SABA, LABA, and LAMA can decrease the frequencies of acute exacerbation and thus associate with lower incidences of osteoporosis. Therefore, when we adjust for these related important factors for osteoporosis, the results still prove that ICS is an independent factor for osteoporosis in female patients with COPD.
limitations of the study
There are a number of important limitations that should be highlighted. First, we used ICD-9 diagnosis to enroll the patients, thus we were unable to confirm COPD diagnoses by spirometry and to differentiate severity by FEV, either. Osteoporosis may be related to COPD severity. However, there exist many debates on the evaluations of COPD severity. The updated guidelines indicate that the evaluation of COPD severity needs multidimensional approach, such as GOLD 2014 guidelines using the Modified British Medical Research Council (mMRC) scale, COPD Assessment Test (CAT) score, forced expiratory volume in one second (FEV 1 ), and the frequencies of acute exacerbation and hospitalization to divide ABCD groups. Body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE) score, comorbidities, and fibrinogen or CRP biomarkers, etc, are also considered as important factors for COPD severity. So, in fact, a multidimensional data collection is not easily done. In addition, ICS use is suggested in severe and very severe patients with COPD according to GOLD guidelines. In theory, these severe and very severe patients with COPD have higher incidence or more serious osteoporosis than mild and moderate patients with COPD. However, our results show that the more severe patients with COPD using ICSs are instead less likely to have osteoporosis, which further indicates that ICSs did reduce the incidence of osteoporosis in patients with COPD. Furthermore, our study is a longitudinal population-based cohort study. When or whether the patients start to use ICSs is decided by physicians' clinical practice. This also eliminates interference by COPD stage and severity at initial enrollment. Third, the statistical power may be criticized due to obviously unequal case numbers in two groups with and without osteoporosis, although these are true numbers in real world. Fourth, we have concerns regarding patient's medication adherence. This is a large retrospective cohort study; indeed it is very difficult to be the same as the prospective study from which the researchers can fully understand the details of the patient's medication adherence. Patients need to pay the part of all medical expense in Taiwan's current health-care system. It is not logical that these patients see a doctor regularly, and not to take medicine, but they are willing to pay for long-term medical costs. Although we calculated ICS dose based on BNHI records that cannot show the dose that the patients actually used, we believe that the difference should be very limited. Fifth, menopause is a very important risk for osteoporosis and the average age of female menopause is not recorded in our data. Although we do statistical adjustment by ages ($40 years to ,50 years, $50 years to ,60 years, and $60 years) and estrogen replacement, it may have a slight gap with real condition. Sixth, smoking is also a very important risk for osteoporosis and it was not recorded in our data, either. However, .95% of females are nonsmokers in Taiwan and it should be a small confounder.
Conclusion
Our findings expand on the existing knowledge in the field and provide clinicians with new information about the effectiveness of ICSs, as these relate to osteoporosis. Our study demonstrates that female patients with COPD using ICSs exhibit an association with a dose-response protective effect for osteoporosis. However, further confirmation is warranted.
